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PREFACE. 



The object of this work is to facilitate what navigators most desire, and to 
assist them in obtaining, within the shortest possible space of time, the 
necessary results required in conducting their ships. I have personally 
made it my study to secure this object when at sea, and experience has 
proved to me that the method I adopted, which is explained in this 
treatise, is such as I can with the greatest confidence recommend to 
others. 

I propose means of finding the Longitude at sea by a Meridian Altitude, 
at noon, without the use of a chronometer. By the following method I can 
do this, in an inconceivably short space of time when xjompared with the 
ordinary method. I hereafter give as an illustration a few Examples of my 
mode, which Examples are novel to any in use. 

I have established my system by test with that valuable invention, 
"Moore's Spherical or Great Circle Indicator," the inventor of which I 
sailed under many years ago. My plan is based on simple calculation, 
found to be correct by my own experience in the conduct of valuable ships 
and property at sea. Neither the method nor the Examples are recom- 
mended, as most works are, as tljeories. The method is founded on prac- 
tice and developed by my own practicar experience. Having submitted 
my system to the examination of the Marine Board in London, I decided on 
making a voyage as chief officer under the command of an experienced 
captain, so that I might give him the opportunity of investigating my plan, 
and herewith is annexed a certificate from him, which he personally ratified 
at the Mercantile Marine Board of London. 

WILLIAM LUCAS. 
Oct, 1864. 



[COPT OF CEETIFICATE.] 

" LoTTDON, July 27, 1864. 

"This is to certify that "William Lucas was mate of the 
barque * Douglas/ under my command, in a voyage from Swansea 
to the West Indies, and back to London. I beg to 
recommend his method of finding Longitude by Meridian 
Altitude, having found it to correspond with my Chronometer. 

(Signed) ** Joseph S. Sopwith, 

" Master, barque * Douglas.' '* 



ABBREVIATIONS. 



Alt. 
App. 
App. T. S. 
Equ. T. 
Diff. 
Decl. 
Lat. 
Long. 
Mend. 
M. T. S. 
M. T. a. 
P. D. 
+ 



Altitude. 

Apparent. 

Apparent Time, Ship. 

Equation of Time. 

Difference. 

Declination. 

Latitude. 

Longitude. 

Meridian. 

Mean Time, Ship. 

Mean Time, Greenwich. 

Polar Distance. 

Add. 

Subtract. 

Multiply. 

Divide. 

Equal to. 



RULE AND EXAMPLES 

POU WOEKIN& LUCAS'S SYSTEM. 

RULE. 

Thb system set forth in the present work, is that of finding the Longitudb by the 
Meridian Altitude, at sea, without the aid op a Chbonometer. In order to do this, 
the following rule must be observed. First ascertain the Altitude, at noon, by means of the 
quadrant or sextant. Next ascertain mean time at Greenwich in this way : — Find the Alti- 
tude at Greenwich by working the Altitude back from the Latitude at Greenwich ; and then 
take the Pol'ar Distance at Greenwich and the Latitude at Greenwich, and with these three 
work as in the old form or system. Next find the Secant and Co-Secant, Co-Sine and Sine, 
as in the old system. Then take (when South 45"), half the Meridian Altitude at noon, and 
correct it by a correction which will be found in Example I. Then, with the Latitude and 
Polar Distance, Half Sum and Remainder, and work in the same way as in finding the mean 
time at Greenwich. This gives the apparent time at Ship ; and applying the Equation as 
in the old system, brings it to mean time at ship. The difference between the mean time at 
ship and mean time at Greenwich is the Longitude, which is shown in the following Examples, 
as is also the mode of finding the corrections. There are* two Examples, in which no correc- 
tion is required, for finding the Longitude by the rising and setting of the sun. The mode of 
applying the Equation is also shown in these Examples. 



EXAMPLES. 

EXAMPLE I. 

Proving that the Bule works for intermediate days. 
** ' Babbadoes, June dth, 1864. 

Noon's alt 80 29 

Greenwich alt. 61 8 



19 21 . . Diff. between Greenwich alt. and noon's alt., from which the cor- 

Noon's alt 80 29 rection is found, as laid down, thus : — ° 

i)19 21 



i)61 08 

30 34 
Add 4-2 26. .Correction. 



Corrected alt . . 32 59 

13 5 

Polar Dis 67 24 



Sum 113 28 

Half Sum.... 56 44 
Eemainder . . 23 45 
h. m. s. 
20 2 25 
Equation . . — 1 12 

20 1 13 
24 00 00 



3 58 47 



Secant.... 114 
Co-Secant 0*347 



Co-Sme.. 4-7392 
Sine ....4*6050 

9-3903 



69-42 Long. West. 



I) 9 10 
i) 4 55 

2 25 . . Correction. 



8 
EXAMPLE II. 

Showing bow Greenwich Mean Time is found. This Example differs from Example I., eight 
miles, owing to the Equation being additive. 



Noon's alt.... 88 33 
Green, alt 50 10 



38 23 
88 33 

i)50 10 



f)38 


23 


i)19 


11 


i)9 


35 


4)4 


47 


2 


23 



32 15 



7 10 



51 
90 


28 
00 


88 
11 


32 
38 


Alt 50 

Lat 51 

P.Di8t...lll 


10 
28 
38 


i)213 


16 



Secant.... 2055.. Log. 
25 5 2 23 P.Di8t...lll 38 Co-Secant 0090.. Log. 

4- 7 10 



13 5 Secant .... 0114 H. Sum. 106 38 4*4567. .Log. 

78 22 Go-Secant 0090 Remain... 56 28 4*9209.. Log. 



123 42 18 50 20 = 9*5921 

61 51 Sine ..4*6737 * 5 9 40 



36 Co-Sine 4*6936 



b. m. s. 24 00 00 
9*3877 20 3 14 
24 00 00 



3 56 46 
Eq.-f 2 35 



3 59 21 59*50 Long. West. 



EXAMPLE in. 

The Greenwich time is found as in the First Example — 24 00 00. 

Saturday, July 9th, 1804, 



Noon's alt.. 71 45 
12 



i)71 


67 


+ J)35 


58 


+ J)17 


59 


1)8 


59 


+ i)i 


29 



+17=59 53 57 

35 58 —4 29 



53 57 49=28 



Alt 49 28 

Lat . . . . 40 21 Secant .... 1179 
P. Dist.. 67 42 Co-Secant 0337 



157 31 

2 14 H. Sum. 78 45 Sine . . 4*2902 
Remain. 29 17 Co-Sine 4*6894 



h. m. s. 9*1312 h m. s. 

21 7 21 21 7 21 

24 00 00 +4 56 

2 52 39 21 12 17 

Equation — 4 56 24 00 00 



2 47 43 41*56 Long. 2 47 43 41*56 Long. 



EXAMPLE IV, 

The following altitudes were taken in the forenoon^ on the given day, to work the 
chronometer (32*13). 





h. 
19 


32 

40 
67 


13 

10 
42 


Secant . . 1168 
Co-Secant. 0837 




140 
70 
37 

m. 

36 

4 


6 

2 

49 

8. 

26 
56 


Sine ... . 4-6333 
Co-Sine . 4-7876 


Equation . 


9-4713 


G. Time . 


19 
...22 


41 
31 


21 

46 






2 


60 


25 


42 36 

34 What the ship has run to noon 




42 02 Differing from the meridian alt 
42 4 




2 Meridian altitude. 



EXAMPLE V. 

This is another method. When the altitude at noon is greater than the Greenwich al 
tude, take half of it, divide the difference hetween the Greenwich altitude and the Meridi 
altitude, divide the different times hy 4, take the remainder as a correction, as under : 

Babbadoes, June 6th, 1864. 

o » o » 

Lat. at Greenwich ..5128 J)19 21 

90 00 

J) 9 40 

38 32 

Declination .f22 36 i) 4 60 

61 8 J) 2 26 

80 29 

1 12 This is the correction required. 

19 21 
80 29 

i)61 8 

30 34 
Correction 4. 1 12 

31 46 

Latitude 13 5 Secant 0114 

Polar Dist 67 24 Co-Secant 0347 

112 16 

Half Sum 66 7 Sine .. 4*7462 

Difference 26 21 Co-Sine 4*6316 

h. m. s. 

19 59 26 9-4238 

24 00 00 

4 00 34 

Equation — 1 46 

3 68 48 = 69*42 Long. West. 
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EXAMPLE VI. 



To find the mean time of Greenwich. 

Saturday, June 25th, 1864. 



Meridian altitude of the Sun watt (88*50). 

o » 

i)88 50 Noon's alt. 



1)44 25 
i)22 12 



Alt.. 



44 25 
—8 19 

36 6 



Alt.... 61 55 

Lat. ..51 28 Secant.... 2055 

P. Distils 23 Co-Secant . 0372 



i)ll 6 Lat 22 14 Secant 

P. Dist. . 66 37 Co-Secant 

i) 5 33 _ 

124 67 

A) 2 46 II. Sum. 62 28 Sine 4-6648 



4-6474 
9-3829 



226 46 

H. Sum 113 23 Sine 4*5986 

0335 Remain. 51 2S Co-Sine .. 48933 
0372 



8 19 Remain. 26 22 Co-Sine 
20 4 32 



The Equation is applied. 



58*20 Long. West. 



9-7346 

h. m. s. 

17 40 20 

6 19 40 

24 00 00 

20 4 32 

3 55 28 

Equation..— 2 21 

3 53 07 



EXAMPLE VII. 

Wednesday, June 29th, 1864. 

The Greenwich mean time on this day was 24h. 00m. 00s. It is found as in Example 1. 

Rule. — When south of S0° in North Latitude, the correction is suhtracted from the Half- 
altitude, as laid down. 



84 35 Noon's alt. 
12 



i)84 


47 


4)42 


23 


i)2i 


11 


i)io 


35 


1)5 


17 


2 


38 



42 23 

—7 55 

34 28 

Lat. . . 28 26 Secant . . 0558 

P. Dist. 66 47 Co.-Secant 0366 



7 55 



Equation . 



1)129 41 

64 50 Sine .... 46286 
30 22 Co-Sine . 47037 



h. m. 8. 

19 51 43 

. + 8 10 

19 54 53 

24 00 00 

4 05 07 



9*4247 



61*17 Long. West. 
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EXAMPLE VIII. 

Satukday, July 9th, 1864. 

This Example is worked by the Ship's Chronometer, to prove the Meridian Altitude. 



Bt the Chbonombteb. 



By the Mebidian Altitude. 



Alt 32 13 

Lat 40 10 

P. Dist. . 67 42 


Secant.... 1168 
Oo-Seoant. 0337 

Co-Sine .. 4-5333 
Sine 4-7875 


4)11 

i) 2 

i) 1 




7 
33 
46 
23 
41 


71 
60 


57 

50 Greenwich nit. 


11 


07 diflference. 


140 5 
H.Sum.. 70 2 
Remain . 37 49 


19 36 
Equation . . -f- 4 

19 41 
22 31 


25 = 9-4713 
56 

21 42 36 West. 
46 28 




2 


4 





2 50 25 



42 19 Differing 17 miles from 
the Chronometer. 



J)7i 


57 


35 
+ 11 


58 
07 


47 
+ 2 


5 
4 


Alt 49 

Lat 40 

P. Dist. 67 


9 
21 
42 


1)167 


12 



Secant .... 1179 
Co-Secant . 0337 



H. Sum 78 36 Co-Sine 

Remain. 29 27 Sine 

h. m. s. 

21 5 49 

Equation.. -4- 4 56 



4-2959 
4-6916 



= 9-1391 



The ship going to the eastward at the rate of four 
miles per hour makes the longitude corrected . . 



21 
24 



10 
00 



45 

00 



2 49 15 42-19 Long. West. 

The mean time of Greenwich is found as in other Examples. When north of 45% caution 
must be exercised in taking the full altitude at noon. 



By the Chronometer on the same day in another way. 



The forenoon's sights being 32 13 

This proves Uie work. Lat 40 10 

P. Dist. . 67 42 



Secant 1168 

Co-Secant . 0337 



140 5 
H. Sum . 70 2 
Remain. 37 49 

h. m. s. 
19 36 24 = 
Equation . . + 4 56 



Co-Sine .. 4-5333 
Sine 4-7875 



9-4713 



19 41 20 
22 31 46 



Mean time of Greenwich by the ship's chrono- 
meter 2 50 26 42-36 West Long. 
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EXAMPLE Ylll^eontinued. 



71 57 Meridian alt. 
60 60 Greenwich alt. 



11 



7 Difference between the two altitudes. 
- 11 7 



22 14 





71 


57 




22 


14 




49 


43 




1 


1 


Alt 


48 


42 


Lat.... 


40 


21 


P. Dist. 


67 


42 



i)156 46 

H. Sum 78 22 

Remain. 29 40 

h. m. 



Equation. 






7 
33 



Secant. . . . 
Co-Secant . 



1179 
0337 



« 


2 


46 


« 


1 


23 


J) 




41 


20 



21 


3 


20 


+ 


4 


56 


21 


8 


16 


24 


00 


00 



2 51 44 



Co-Sine .. 4*3045 
Sine 4*6945 

= 9*1606 



42*56 West. 
Differing 20 miles, at 4 miles per hour, what the ship ran. 



EXAMPLE IX. 

This Example is to show that the system here laid down can be worked in different ways ; 
and likewise to explain that when north of 45*^ both East and West, the full altitude is to be 
taken, and correct by either of the methods which are shown in this Example. If going 
to Uie eastward of 45 East, as well as North or South, the full altitude must be worked. If 
East of 45° or West of 45°, the half altitude is required when correeted. 

July 21st, 1864. 



61 32 Meridian alt. 

58 55 ... . Greenwich alt. 



. Difference. 



«2 


37. 


i)l 


18 


«o 


39 





19 



58 This is the correction to the altitude. 
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EXAMPLE X. 
This Example will show how to find the mean time of Greenwich. 



61 32.. Meridian alt. 
Subtract.. 68 



Alt 60 34 

Lat 48 60 

P. Diet.... 69 37 



Secant.... 1816 
Co-Secant 0280 



i)179 



H. Sum. ..89 30 
Remain. ..28 66 



Oo-Sine 2*9408 
Sine .. 4-6846 
h. m. 8. 

23 22 18 = 7-8360 

24 00 00 



38 
+ 20 


32 
23 


Alt 68 

Lat 61 

P. Dist... 110 


56 
28 
23 


i)220 


46 



61 28 . . Latitude of Greenwich. 
90 00 



Secant 2066 

Go-Secant 0280 



H. Sum.. 110 23 
Remain.. 61 28 



Co-Sine 4-6419 
Sine .. 4*8933 



00 37 42 
Equation . .+ 6 6 



18 16 30 = 9*6687 
6 44 30 



00 43 48 10-67 Long. West. 

The difference of the two altitudes is : 

o » 

J) 2 37 



24 00 00 Mean time of 
Greenwich. 



i)l 18 

i)0 39 

19 

68 is the correction from which io subtract 
The Meridian altitude is greater than the Greenwich altitude, so the correction is subtracted. 
When less than the Greenwich altitude, the correction is added. 



EXAMPLE XI. 
To prove the meridian altitude correct. 
This Example is worked by the deviation in the altitude. Apply the Deviations as you 
see the Sines against the Altitude, and you will have the true altitude to find the longitude. 
The noon's altitude being high, take half. 
° ' Barbadoes, June 6th, 1864. 

. . Noon's alt. 



i)80 


29. 


J)40 
+ J)20 


14 
7 


i)10 


3 


i)5 


1 


+ 1)2 


30 



+ 1 15 





40 
+22 


14 
37 




62 
+1 


51 
15 




J)64 


6 


Alt. . . . 
Lat.... 
P. Dist. 


.. 32 
.. 13 
.. 67 


3 

6 

24 



H. Sum. 
Remain. 



112 
. 66 
. 24 



32 
16 
13 



Secant.... 0114 
Co-Secant 0347 



Co-Sine 4*7445 
Sine .. 4-6129 



19 68 26 = 9-4036 
24 00 00 



Equation - 



34 
46 



3 69 48 69-57 Long. West. 
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EXAMPLE XII, 

This Example shows how to find the correction north of 45° of latitude. 

Wednesday, July 13th, 1864. 

i)66 25 Noon's alt. The Greenwich mean time is found as in 

" ' 1st Examples. 

i)33 12 33 12 ° ' 

+20 45 33 12 

4-i)16 36 +16 36 

63 57 +49 

i) 8 18 

Alt 53 57 

+ 4 9 Lat. 45 21 Secant.... 1513 

P.Dist.... 68 14 Co-Secant.. 0321 

In this Example we are in 45° North. 

It is shown how to find a correc- 167 32 

tion in another way. H. Sum. . . 83 46 Co-Sine 40357 

Remain 29 49 Sine 4-6965 

60 18,. Greenwich altitude. 

66 25.. Meridian altitude. 21 46 46 = 8 9156 

24 00 00 

i) 6 7 6 7 

2 2 13 14 

i) 3 3 Equation — - 5 'iS 

12 14 

J) 1 31 66 25 2 7 46 31 56 Long. West. 

J) 45 54 11 

— 22 

« 22 

53 49 

11 



EXAMPLE XIII. 



This Example shows the longitude in another way. 

Friday, July 15th, 1864. 



64 34.... Noon's alt. 
12 



i)64 


4S 


i)32 


23 


»)16 


11 


i)8 


6 


+ «4 


2 


+ 2 


1 





64 


46 




— 16 


11 




48 


35 




+ 6 


3 


Alt. ... 


. 54 


38 


Lat. .. 


. 46 


43 


P. Dist. 


. 68 


32 



Secant . . . 1639 
Co-Secant 0312 



169 53 
H. Sum . 84 56 Co-Sine 4*9460 



6 3 Remain. 30 18 Sine.. 4*7028 



21 57 36 = 9-8439 
Mean time of Greenwich 24 00 00 



2 2 24 
Equation + 5 40 



2 8 4 32-1 Long West. 
There are diflferent ways of finding the corrections, by which the Altitude is found, but 
which comes to the same Uiing in the end. With the distance against 64° in a distant column 
in the Epitome against 46"* of Latitude, take the departure, and divide it as the altitude is 
divided. Take half, and lay it off. Take the third and last, add them to the half, and you 
will have the correct Altitude to work. 
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EXAMPLE XIV. 

January 29th, 1863. 
This Example is to prove the meridian altitude. 

The question was given at Adelaide Place, London Bridge. The meridian Altitude was 
41° 29' 52". This is equal to 41° 30'. On this given day the sun's declination was 20° 46'. 
And the Altitude at Greenwich found by the Latitude 51° 28', worked back, gives the 
Altitude 17° 46', the half of Greenwich Altitude 17° 46'=8° 53'. I find the mean time of 
Greenwich as laid down in this Example. 



Latitude of Greenwich to find the altitude. 



1)41 30 

20 45 
Cor —2 00 



Alt 18 45 

Lat 30 16 Secant 0636 

P.Di8t..llO 46 Co-Secant 0291 



159 47 
H. Sum. 79 63 Co-Sine 4*2446 
Remain.. 61 8 Sine .. 4-9423 



2i 00 00 



20 33 



51 
90 


28 
00 


38 
20 


32 

46 Declination S. 


17 
41 


46 

30 Meridian alt. 


i)23 


44 


J)n 


57 


i)5 


58 


— 2 

17 


59 
46 



14 47 Corrected Greenwich alt. 
61 28 Secant.... 2055 

69 14 Co-Secant 0291 

135 29 

67 44 Co-Sine 4-5785 

'^2 57 Sine .. 4-9020 

h. ra. s. 

3 48 00 = 9-^)7151 
3575 



12 


00 


00 


8 
20 


12 
33 


00 
1 


12 
Equation— 


21 
-26 


1 
44 



13 22 Equation. 
2 



11 54 17 



26 44 
Longitude, 178-31 East; and the given Longitude was 179 East ; differing 26 seconds. 
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EXAMPLE XV. 



This is another method of finding the Longitude, which very few take notice of. It is 
strictly correct, if worked with care, which is snown in this Example. 

When North of 45*^, take the full altitude at noon, and the difference will he the Longitude. 
When half the altitude is taken, you will have the Longitude as you see. Take the rising 
and setting of the sun, which is 24° 11', being equal to your mean time of Greenwich. No 
correction is required. 

Thursday, July 14th, 1864. 

o » 

i)65 S9.. Meridian alt 

32 49 

Lat 45 58 Secant .... 1579 

P. Dist .... 68 23 Co-Secant. . 0316 

J)147 10 

H. Sum 73 35 Oo-Sine 4-4512 

Remain 40 46 Sine .. 4*8149 

h. m. s. 

19 41 45 = 9-4556 

Equation .... + 5 34 

19 47 19 
24 11 00 

i) 4 23 41 

2 11 50 32-45 Long. West. 



EXAMPLE XVI. 



In this another Example is given for finding the Longitude by the rising and setting 
of the Sun. On July 21st, 1864, the Meridian altitude was 61"* 32'. The Longitude is found 
as it is given in other Examples. 

O I 

61 32 

48 59 Secant ....1816 

69 37 Co-Secant 0280 



There is another way of applying the Equation, 180 8 

as follows: 90 4 Co-Sine 2 0657 

28 32 Sine .. 4-6791 

h. m. 8. 

23 46 29 Apparent time. 23 46 29 = 6-9514 
Half Equation 4- 3 3 



23 


49 


32 


24 


11 


00 


00 


21 


28 
2 



Equation 
00 42 56 10-44 Long. West. 42 66 10*44 Long. West. 



23 


46 


29 


24 


11 


00 


00 


24 


31 
2 




49 


2 


— 


6 


6 
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EXAMPLE XVII. 



61 
i)61 


20.. Noon's alt, 
12 

32 


i)30 


46 


4)15 


23 


i)7 


41 


4-« 3 


50 


4-1)1 


55 


+ 


67 = 30 



Thubsday, July 2l8t, 1864. 

North of 45* the full altitude can be corrected, as 
this is :— 





61 

—7 


32 
41 




63 
+3 


51 
60 




67 
+1 

69 


41 
65 

36 
57 


Alt 


.. 60 
. 48 
.. 69 


38 


Lat..,. 
P. Diet. 


60 
37 



60 34 The result is the 
same as below. 



Secant.... 1816 
Co-Secant. 0280 



179 60 
H. Sum. . 89 30 
Bcmain. ..28 67 



The chronometer 
showed 10*47. 



Co-Sine 
Sine . . . . 



23 22 10 = 



Mean time of Greenwich .... 24 00 00 
Equation . 



2 9408 
4-6848 

7-8362 



...+ 



37 50 
6 6 



43 56 10-45 Long. West— difF. 2 miles. 



AgHinst 61-20 in a distant column in the Epitome and Latitude, 48 is 46 in a Departure 
column. Take four divisions in it as fallows : — 



J)46 










4)23 










i)n 


30 








i)« 


46 











46 


00 


2 


52 


4- 


11 


30 






4- 


2 

60 

4- 


62 

22 
12 



60 34 The result is the sime as above. 

This gives the Altitude (60*34) to work the Longitude. It corresponds with the MeriJian 
Altitude. 



IS 

EXAMPLE XVIII, 



Tuesday, July 5th, 1864. 



Being north of 30° of latitude, the correction is a ditivo to the half altitude. Mean time 
of Greenwich is found as it is given in the first Example, for every day. 

o » 

22Noon's Alt. 



39 17 

4- 2 27 

41 44 

Lat.... 34 Jl Secant.... 0823 

P. Dist. 67 15 Co-Secant. 0351 



78 

4- 


22J 
12 


i)78 


34 


i)^9 


17 


i)l9 


38 


h)9 


49 


4 


54 



143 10 

2 27 H. Sum 71 35 Sine 4-4095 

Remain. 29 51 Co-Sine . . 46969 

h. m. 8. 

20 24 5 = 9-3138 

Equation.. + 4 18 



The ship's chronometer on the same 
20 28 23 day, 53-00 West. 

24 00 00 



3 31 37 52-54 Long. West. 

There are other methods of finding these corrections hy taking the difference hetween the 
Greenwich altitude and meridian altitude, and dividing it as it is given in the other Examples. 



EXAMPLE XIX. 

Being another method of applying the Rule without the application of the Greenwich mean 

time. 

Babbadoes, June 5th, 1643. 

Rule. — ^When south of 23", or between the tropics (Capricorn and Cancer), take half of 
the Noon*s altitude, the Latitude, ani Polar distance; Sum, Half-sum, and Remainder. 
Then take the Equation of time. Alultirly that by 4, and it will be the Correction. Double 
it again ; that will be 9-36 from the Half-noon*8 altitude, as laid down ; apply half the 
Equation. 

Or o » 

i)80 29 Noon's alt. Equation.. 1 12 

40 14 

Cor 9 36 4 48 

2 

Alt 30 38 

Lat 13 5 Secant.... 0114 9 36 

P. Dist. . 67 24 Co-Secant . 0347 

i)lll 7 

H. Sum . 55 33 Co-Sine . . 47525 

Remain.. 24 55 Sine 46245 

h. m. 8. 

4 7 50 « 94231 

9 36 

3 58 14 
+ 00 36 

3 58 50 59-44 Long. 

in this Example, the observer being south of the declination which requires this correction, 
9-36 to be subtracted from the altitude, as laid down. 
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EXAMPLE XX. 

Thubbdat, June 30th, 1864. 

RuLB. — ^When between the latitude of 23** and 30**, take half the Noon's altitude, 42**, 
together with the Latitude^ Polar distance, Sum, Half-sum, and Difference. Tou will get the 
Longitude as laid down in this Example. 

O » Of 

H. Noon's alt. 42 23 Equation.. 3 10 

Lat 28 26 Secant .... 0558 4 

P. Dist 66 47 Co-Secant. 0366 

J)12 40 

f)l37 36 

H. Sum 68 48 Co-Sine .. 4*5582 6 20 

Remain 26 25 Sine 4-6482 

h. m. s. Cor. to + 19 00 

App. T.S... 3 31 55 = 9-2988 

+ 19 00 

3 50 55 
Equation . -(- 1 35} 

3 52 SO 58*7 Long. 

In this case the Equation is applied as laid down. 



EXAMPLE XXL 

Saturday, July 9th, 1864. 

When north of 30*, or between 30" and 45° north, take half the Noon's altitude and latitude, 
Polar distance, Sura, Half-sum, and Remainder, as laid down. 

o # o » 

Equation.. 4 56 
4 



H. alt. . . 

Lat 

P. dist. . . 


35 58 
40 21 
67 42 


Secant 

Co- Secant . 

Co. Sine... 
Sine 

8. 

00 = 
44 

44 


1179 
0337 


H. Sum.. 
Remain.. 


144 1 
72 00 
36 2 
h. m. 
4 4 
+ 19 

3)4 23 


4 4899 
4-7695 




94110 




1 27 


54 
2 






2 65 
4 


48 
56 





18 24 



2 50 52 42-42 Long. West. 

In this case the Equation must be applied reverse to the Almanack as laid down. 



20 
EXAMPLE XXII. 



THintsDAT, July 2l8t, 1864. 



Rule.— When north of 45% take Latitude, Polar Distance, the Sum, Half-sum, and 
Remainder. Take the full altitu«le in this Example, as laid down. 



i) 61 32 Equation 6 6 Reverse to the 

4 Almanack. 



Alt. . . . 


. 30 


46 






Lat 


48 


50 


Secant .... 


1816 


P. Diat. 


69 


37 


Co-Secant . 


0280 




149 


13 




H. Sum 


74 


36 


Co-Sine .. 


4-4241 


Remain. 


43 
h. 
4 


50 
m. 
24 


Sine 


4-8404 




40 = 


9-4741 




4- 


24 


24 






3)4 


49 


4 






J)l 


36 


21 









48 
6 


10 
6 





For a correction 24 24 



42 4 10-31 Long. West. 

jmples 19, 20, 21, and 22, differ, owing to the deviation in altitudes all round the 

glohe. The learner can use either of the methods laid down in the hook, and must pay strict 
attention to his Rules. 



21 



NOTE. 



In the Examples 19, 20, 21, and 21, the Equation is multiplied by the daily variation, 
taken from the following Table for Reducing the Equation of Time. The same Table will 
work the whole of the Examples in the book. 



A TABLE 

FOR EEDUOING THE EQUATION OP TIME TO ANY TIME UNDER THE 
MERIDIAN OP GREENWICH. 



Grk^eawitib 
















time. 










UAJLY YAJtlATIOIf. 




H. M. 


1- 


2- 


4« 


6' 
a 


8^ 
a 


10- 

S 


12' 

i 


14' 

9 


16' 


18* 

B 


SO* 
a 


22- 


24* 
6 


2^' 


2S" 
i 


30* 
a 




fi 


a 


a 


0*3[> 


00 


0-0 


01 


O'l 


0-2 


0-2 


0*3 


0*3 


0-3 


0-4 


0-4 


0-5 


0-6 


0*5 


0*6 


0*6 


10 


00 


01 


0-2 


9-2 0-3 


0-4 


0*5' 


0-0 


0-7 


0-8 


O'S 


0*9 


Vi) 


1-1 


12 


1*2 


1*30 


01 


01 


0-2 


0*4 0-5 


0-6 


0*8 


0*9 


1-0 


11 


13 


1*4 


1*5 


1-6 


17 


1-8 


20 


01 


0-2 


0-3 


0*5 0-7 


0-8 


in 


1-2 


1-3! 


1-5 


\7 


1*8 


2*0 


2-2 


2-3 


2-6 


2*30 


O'l 


0-2 


C-4 


o-e 


OS 


10 


13 


15 


1*7 


1*9 


21 


2*3 


2*5 


2*7 


2-9 


3*1 


3-0 


0-1 


0-3 


0'6 


0-7 


10 


1-2 


1*5 


I'S 


2*0 


2-2 


2-5 


27 


3-0 


32 


3-5 


37 


3-30 


0-1 


0-3 


06 


09 


1-2 


1*5 


IB 


2*0 


2-3 


2-0 


2-9 


32 


3*0 


37 


4-1 


4*4 


40 


0-2 


0*3 


07 


1-0 


1-3 


1-7 


20 


2-3 


2*6 


3-0 


3-3 


37 


40 


4-3 


47 


6*0 


4-30 


0-2 


0-4 


0-7 


M 


1-5 


1-9 


23 


2*6 


30' 3-4 


37 


4-1 


4*5 


4-9 


5-2 


6-6 


50 


o-i 


0-1 


0-a 


1*2 


17 


21 


2-6 2-9 


3-3 3 8 


42 


4-3 


6-0 


5-4 


6-8 


6-1 


5-30 


02 


05 


0-9 


1-4 


1-8 


2-3 


2-8 3-2 


3*7 41 


4-6 


5-0 


&^5 


5-9 


6-4 


6-8 


6*0 


0^2 


0-5 


l-O 


1-5 


20 


2-5 


30 3-5 


40 4-6 


50 


5-5 


6-0 


6-0 


7-0 


7-5 


tiSO 


0-3 


0%5 


11 


1-6 


22 


2-7 


3-3 ; 3"B 


4'3 4 9 


5-4 


5-9 


^'5 


7-0 


7-6 


8*1 


7 


0-3 


O'fl 


13 


1-7 1 


2-3 


2-9 


3-5 4-1 


4-7 6-2 


5-8 


6-4 


7-0 


7-5 


81 


8*7 


7-30 


03 


06 


1-2 


1-9 


2-5 


31 


3-8 


4-4 


5-0 66 


63 


6-9 


7-5 


81 


8-7 


9*4 


8-0 


0-3 


0-7 


1-3 


2-0 


2-7 


33 


4*0 


4-7 


5-3 60 


6-7 


7-3 


8*0 


8-G 


9-3 10*0 


8*30 


0-4 


0-7 


1*4 


21 


2^8 


3*6 


4-3 


5-5 


6-7 


6*4 


71 


7*8 8-T 


1 0*2 


9*9 


106 


90 


0*4 


0-7 


VB 


2-2 


30 


:i-7 


4-5 


5-3 


6*0 


6-8 


7*6 


8*2 9-0 


' 9-7 


10*4 


11-2 


930 


0-4 


0-S 


1-6 


2*4 


3^2 


40 


4-8 


5'd 


6-3 


7-1 


7-9 


8-7 , 9-5 10-2 


110 


ll-S 


100 


0-4 


0-8 


17 


2*5 


3^3 


4-2 


50 


5-8 


67 


7-5 


8-3 


9-2 10 le-s 


11-6 


12-6 


iO-31) 


04 


0^9 


1*7 


2-8 


3*5 


4-4 


5-3 


6-1 


70 ; 7-9 


8-7 


9 6 10-3 Hi 


12-2 


131 


ll'O 


0-5 


0*9 


18 


2*7 


3-7 


4-6 


5-5 


6-4 


7-3 


82 


9 2 


10-0 110 n -9 


12-8 


137 


11*30 


0'>^ 


i-o 


1-9 


2*9 


3-8 


4-8 


5-S 


6-7 


7-7 


8 6 


9-6 


10-5 11 '5 12-4 


i;v4 


14*4 


120 


0-d 


10 


2*0 


3-0 


4*0 


5-0 


6-0 


7-0 


8-0 


9-0 


|10-0 


11*0 i2 130 


14-0 


160 



The following Logaritlms will be found to be all that are 
necessary for working Lucas's system, being TWO 
FIGURES LESS THM U THE EPITOME. 





?K;T+sii-^--^^-«-f^^<' 


Half Sum and Diffesknce, 


28 






SALT 


lUlt, 






o 


m 


u 


a 


3 


il 


e 


<i 


o 


a 


M. 


89 


m ' 


67 


66 


85 


84 


83 


B% 


81 


80 







3,241 


3.5^3 


3.718 


3.8^ 


3.940 


4.019 


4.085 


143 


194 


239 


m 


1 


234 


539 


716 


841 


939 


018 


084 


142 


193 


238 


54 1 


2 


227 


635 


713 


839 


937 


016 


083 


141 


192 


238 


5R 


8 


£19 


531 


711 


838 


935 


015 


082 


140 


191 


237 


fi7 


4 


211 


528 


709 


836 


934 


014 


081 


139 


191 


236 

236 


56 
55 


5 


J/i04 


3,524 


3.706 


3.834 


3.933 


L013 


4,080 


139 


190 


e 


im 


520 


701i 


832 


931 


Oil 


079 


138 


189 


235 


54 


1 


187 


516 


701 


830 


930 


010 


073 


137 


183 


234 


63 


R 


179 


512 


699 


823 


928 


0O9 


077 


136 


187 


2rj3 


5^ 


U 


171 


fiOS 


696 


827 


927 


003 


076 


135 


187 


233 


51 

50 


10 


■6MI 


3.505 


3.094 


3,825 


3.925 


4007 


4.075 


134 


186 


232 


11 


153 


DOl 


691 


823 


924 


005 


074 


133 


185 


231 ; 


49 


13 


141 


497 


688 


821 


922 


004 


073 


1?>2 


184 


230 


4R 


13 


135 


493 


688 


819 


921 


003 


072 


131 


183 


230 


47 1 


14 


Igfi 


368 


683 


817 


919 


003 


071 


130 


183 


229 


46 1 
45 


15 


Xlld 


3.464 


3.681 


3.815 : 


3.918 


4.000 


4.070 


129 


132 


228 


16 


107 


480 


678 


813 


916 


3.999 


069 


123 


181 


223 


44 


17 


01)7 


476 


675 


811 


916 


998 


068 


127 


ISO 


227 


43 


IB 


086 


472 


673 


809 


913 


997 


066 


127 


179 


229 


4^ 


19 

2C» 


07G 


467 


670 


807 


911 


995 


065 


126 


178 


2i5 
225 


41 

4U 


3-005 


3.463 


3.667 


3.805 


3.910 


3.994 


4.064 


125 


178 


21 


054 


459 


664 


803 


903 


993 


am 


121 


177 


321 


3S1 


2e 


043 


454 


esB 


801 


907 


991 


ms 


123 


176 


223 


SB 


2a 


031 


450 


659 


799 


905 


990 


OBI 


122 


175 


222 


37 


25 


020 

auo7 


445 


656 


797 


901 


939 


060 


121 


174 , 


222 


36 
35 


3.441 


3-653 


3.795 


3.90B 


3 983 


4,059 


120 


173 


221 


21^ 


2.iJD5 


436 


651 


7i)3 


901 


986 


058 


IIG 


173 


320 


Si 


27 


ys3 


432 
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791 


899 


985 


057 
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173 


219 


33 


28 


9G3 


427 


645 


789 
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984 
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117 


171 


219 


32 


29 


955 


423 


642 


787 


8:J6 


982 


05 4 


116 


170 


218 


31 


30 


2.940 


3.417 


3.6;^ 


3,785 


3.894 


3.981 


4.053 


116 


16;j 


217 


30 


ai 


926 


413 
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8D3 
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or>2 


114 


168 
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3i 


910 


408 


633 


781 


891 


973 


051 


113 
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216 


28 


^a 
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630 


779 


889 


977 


050 


112 


167 
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27 


34 

3& 


87S 
e.86l 
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777 


883 
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049 
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166 


214 


36 


3.393 


3,624 


3.775 
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16S 
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23 


36 
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884 
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164 
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24 


37 
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mo 
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23 


38 
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615 1 
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22 ' 
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20 


40 
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3.76 1 
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41 
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361 
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19 


43 
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IS 
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6i>i 


350 


600 
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m% 
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13 


4B 
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50 
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11 
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9 
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LoGABtTaifa of lite Hilf Sum and Djffbkencs 
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NOTICE. 

It is indended, in future editions of these Tables, to devote space for 
nautical advertisements. As the circulation of the work will neces- 
sarily be very extensive, the value of the medium thus offered to 
advertisers cannot be over-estimated. Terms may be obtained on 
application to the compiler, Mr. J. C. Manning, " Journal *' OfiSce, 
Swansea. 
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